Dendritic cells (DCs) are heterogeneous, comprising subsets with functional specializations that play distinct roles in immunity as well as immunopathology. We investigated the molecular control of cell survival of two main DC subsets: plasmacytoid DCs (pDCs) and conventional DCs (cDCs) and their dependence on individual antiapoptotic BCL-2 family members. Compared with cDCs, pDCs had higher expression of BCL-2, lower A1, and similar levels of MCL-1 and BCL-XL. Transgenic overexpression of BCL-2 increased the pDC pool size in vivo with only minor impact on cDCs. With a view to immune intervention, we tested BCL-2 inhibitors and found that ABT-199 (the BCL-2 specific inhibitor) selectively killed pDCs but not cDCs. Conversely, genetic knockdown of A1 profoundly reduced the proportion of cDCs but not pDCs. We also found that conditional ablation of MCL-1 significantly reduced the size of both DC populations in mice and impeded DC-mediated immune responses. Thus, we revealed that the two DC types have different cell survival requirements. The molecular basis of survival of different DC subsets thus advocates the antagonism of selective BCL-2 family members for treating diseases pertaining to distinct DC subsets.
Dendritic cells (DCs) are heterogeneous, comprising subsets with functional specializations that play distinct roles in immunity as well as immunopathology. We investigated the molecular control of cell survival of two main DC subsets: plasmacytoid DCs (pDCs) and conventional DCs (cDCs) and their dependence on individual antiapoptotic BCL-2 family members. Compared with cDCs, pDCs had higher expression of BCL-2, lower A1, and similar levels of MCL-1 and BCL-XL. Transgenic overexpression of BCL-2 increased the pDC pool size in vivo with only minor impact on cDCs. With a view to immune intervention, we tested BCL-2 inhibitors and found that ABT-199 (the BCL-2 specific inhibitor) selectively killed pDCs but not cDCs. Conversely, genetic knockdown of A1 profoundly reduced the proportion of cDCs but not pDCs. We also found that conditional ablation of MCL-1 significantly reduced the size of both DC populations in mice and impeded DC-mediated immune responses. Thus, we revealed that the two DC types have different cell survival requirements. The molecular basis of survival of different DC subsets thus advocates the antagonism of selective BCL-2 family members for treating diseases pertaining to distinct DC subsets.
apoptosis | dendritic cells | BH3-mimetic D endritic cells (DCs) are pivotal antigen-presenting cells for induction of an adaptive immune response. Homeostasis of DCs is therefore paramount for induction of effective immunity to microbes as well as maintenance of immune tolerance to selfantigens. For example, removal of DCs abrogates the initiation of immune responses to exogenous antigens (1, 2) . Conversely, perturbation of the DC compartment by prolonging DC survival in the mouse leads to autoimmunity (3, 4) .
DCs are composed of several subsets that fulfill different roles in immune responses. Broadly, the two major subsets of DCs in mice and humans are the conventional DCs (cDCs) and plasmacytoid DCs (pDCs). The former can present antigen under both inflammatory and steady-state conditions (5) and CD8 + cDCs express TLR-3, abundant IL-12, and IFN-λ (6). Conversely, pDCs express TLR-7 and abundant type 1 interferons but lack the ability to present antigen in noninflammatory conditions (7, 8) . pDCs have been implicated in the pathogenesis of systemic lupus erythematosus (9, 10) , whereas cDCs are critical for activating killer T cells (CTLs) against Listeria and Plasmodia (1) and immune responses to proteinaceous vaccines (2) . The DC subsets have different lifespans (11, 12) . Little is known about the molecular basis of how the homeostasis of DC subsets is regulated during physiological and pathological conditions.
The intrinsic (also called BCL-2 regulated) pathway of apoptosis is a key process by which immune cells die (13) . This pathway is controlled by the interaction between the members of the antiapoptotic and the two proapoptotic subgroups of this BCL-2 protein family. The five antiapoptotic BCL-2 family members, BCL-2, BCL-XL, BCL-W, A1 (called BFL1 in humans) and MCL-1, share four BCL-2 homology (BH) domains. The BH3-only proteins, which share only the BH3 domain, include BIM, PUMA, BID, NOXA, BMF, BIK, HRK, and BAD. They act either by binding/antagonizing the antiapoptotic BCL-2 family members or by direct binding and activation of the proapoptotic multi-BH domain BCL-2 family members BAX/BAK (14) . It has been reported that different antiapoptotic BCL-2 family members are critical for the survival of distinct immune cell subsets: e.g., BCL-2 for naïve B cells (15) , BCL-XL for erythroid progenitors and platelets (16) , and MCL-1 for germinal center B cells and plasma cells (17, 18) . It would therefore seem worthwhile to determine which antiapoptotic proteins maintain the survival of the different DC subsets.
BH3 small molecule mimetics (molecular weight < 1,000) have been developed for cancer therapy and are currently undergoing clinical trials. ABT-737 and navitoclax/ABT-263 bind with high affinity to BCL-2, BCL-XL, and BCL-W, but not A1 or MCL-1 (19) , whereas venetoclax/ABT-199 only binds BCL-2 (20) . These reagents may not only be valuable tools to probe the Significance Dendritic cells (DCs) are pivotal for immune responses as they present antigens to T cells. Different DC subsets have different functions and are associated with different diseases. For example, plasmacytoid DCs (pDCs) produce type 1 interferons and are associated with the autoimmune disease, systemic lupus erythematosus. Understanding control of survival/apoptosis in different DC subsets may not only provide a molecular basis for their homeostasis but also guide therapeutic intervention of immunopathology. We revealed that two major DC subsets (pDCs and conventional DCs) express distinct BCL-2 family proteins at different levels and this correlated with their survival requirements. Accordingly, clinically applicable antagonist drugs killed the appropriate DC subsets, informing on the future use of these compounds for treating immune-mediated damage.
role of the antiapoptotic proteins in DCs, but may also be used for selective killing of DC subsets associated with certain disease states, including autoimmune ones.
We found herein that pDCs and cDCs each have distinct requirements for sustained survival, displaying a distinguishing expression profile of antiapoptotic BCL-2 family members. This pattern of expression corresponded with their dependence on survival. Thus, pDCs express more BCL-2 and rely for survival more heavily on BCL-2 than cDCs. Conversely, cDCs express more A1 and rely more heavily on A1 than pDCs. The two DC subsets express similar levels of MCL-1 and both require MCL-1 for survival. These findings provide guidance for which BH3 mimetics might be used for treating inflammatory and autoimmune diseases that have differential DC subset involvement. (Fig. 1A) and RT-quantitative PCR (RT-qPCR), respectively (Fig. 1B) . We found a striking difference between cDCs and pDCs. There was an obverse pattern of expression of BCL-2 and A1 between pDCs and cDCs, in other words, pDCs had abundant BCL-2 and scant A1, whereas cDCs had moderate levels of BCL-2 but abundant A1. The modest expression of BCL-XL and high expression of MCL-1 were similar in both subsets (Fig. 1) . In cDCs, the pattern of expression was comparable for the CD8 + and CD8 − lineages. At the mRNA level, Bcl-w was consistently expressed more highly in pDCs compared with cDCs. However, at the protein level, both pDCs and cDCs expressed only little BCL-W (Fig. S1A) . We also observed a similar pattern of expression of BCL-2 vs. A1 for lymph node (LN) pDCs and cDCs (Fig. S1B) . Migratory DCs (identified as MHC II hi and CD11c int , relative to lymph resident cDCs) within LNs expressed moderate levels of BCL-2 but high levels of A1, even compared with cDCs (Fig. S1B) .
Results
Next we examined the expression of these antiapoptotic molecules by DCs after activation by CpG in vivo. Overall the expression patterns are similar to those in DCs at steady state (unstimulated). For example, expression of A1 protein by pDCs remained very low even after stimulation with CpG, although a minor increase in the levels of A1 mRNA was observed (Fig.  S1C) . Activation with CpG also caused an increase in A1 in cDCs and BCL-2 in pDCs. Preferential expression of BCL-2 in pDCs prompted us to investigate its contribution to the survival and homeostasis of this cell type. BCL-2 is massively overexpressed in hematopoietic cells from vav-Bcl-2 transgenic (Tg) mice (21) . We found that both the proportion and absolute number of pDCs in spleen were more than twofold higher in vav-Bcl-2 Tg mice (P < 0.0001) compared with C57BL/6 WT mice ( Fig. 2A) . The proportion of cDCs in spleen was modestly reduced but their absolute numbers were comparable between vav-Bcl-2 Tg and control mice. Thus, whereas BCL-2 overexpression can significantly increase pDC numbers, it has little influence on cDC numbers in vivo.
To verify that the increase in pDCs in vav-Bcl-2 Tg mice is cell intrinsic, we produced mixed bone marrow chimeras by reconstitution of lethally irradiated Ly5.1 mice with Ly5.1/Ly5.2 WT bone marrow (BM) and vav-Bcl-2 Tg (Ly5.2) BM cells (1:1, 2 × 10 6 cells each). When spleens of recipient animals were analyzed 7 wk after reconstitution, the proportion of pDCs in vav-Bcl-2 Tg (Ly5.2) DCs was twofold higher than that of WT DCs (Fig. 2B) .
In accordance with our observation, a recent report showed that pDCs but not cDCs from vav-Bcl-2 Tg mice have markedly prolonged survival in vitro (22) . We confirmed that purified pDCs from vav-Bcl-2 Tg mice had profoundly prolonged survival: 80% of WT pDCs died within 20 h in culture, whereas there was no loss of vav-Bcl-2 Tg pDCs over the same duration of culture (Fig. 2C ).
pDCs but Not cDCs Are Killed by Pharmacological Antagonism of BCL-2. Next we tested whether BCL-2 antagonist drugs could selectively kill pDCs. We cultured DC-enriched splenocytes in vitro with increasing doses of ABT-199 over 1-3 d (Fig. 3A) . pDC survival was profoundly affected by (Fig. 3A) ; at 10 nM ABT-199 killed 80% of pDCs and at 100 nM 99% of pDCs after a 1-d exposure. In contrast, cDCs within the same well were unaffected, even at 1,000 nM ABT-199. Although spontaneous death of pDCs and cDCs increased when cells were cultured for a longer time, preferential killing of pDCs by ABT-199 in a dosedependent manner was observed over 3 d of culture (Fig. 3A) . Although ABT-199 also kills T cells and B cells, the killing of pDCs by ABT-199 was more profound (Fig. S2F ). Because the BCL-XL-specific inhibitor WEHI-539 did not potently kill pDCs and cDCs and ABT-737 did not show an overt increase in killing over the BCL-2-specific antagonist ABT-199 (Fig. S2G) , these results collectively demonstrate that killing of pDCs is mainly mediated by BCL-2 antagonism.
To confirm and extend our in vitro studies, the effect of ABT-199 was assessed in vivo. C57BL/6 WT mice were treated for 4 consecutive days with either ABT-199 (100 mg/kg body weight) or vehicle, and DC composition was analyzed on day 5. Consistent with our in vitro findings, ABT-199 treatment dramatically reduced the number of pDCs (sixfold reduction; P < 0.01 by twotailed t test) but not the number of cDCs (including CD8 + cDCs) in the spleen ( Fig. 3 B and C) . Accordingly, the percentage of pDCs within spleen cells was significantly reduced in treated mice, whereas the percentage of cDCs was increased due to reduction of pDCs and lymphocytes (Fig. 3B) .
As reported previously for ABT-737 (15), ABT-199 treatment also resulted in a reduction in the numbers of B cells and T cells (Fig. 3C) . Nevertheless, when individual populations were compared between mice receiving ABT-199 and vehicle, the reduction in pDCs (13.5% of untreated) was significantly more profound than the reduction in lymphocytes (42% of untreated for B cells; 35% of untreated for T cells) (Fig. 3D) . Therefore, we conclude that inhibition of BCL-2 alone was sufficient to kill the majority of pDCs both in vitro and in vivo. Of note, the expression patterns of the antiapoptotic BCL-2 family members underwent some changes in response to TLR activation (Fig. S1 ). To test whether these changes in expression affected sensitivity to the BH3 mimetic compounds, we activated purified pDCs and cDCs with 100 nM CpG for 16 h and then treated these cells with ABT-199 or ABT-737 for the next 24 h (Fig. S2) . Both pDCs and cDCs up-regulated CD86 following CpG stimulation (Fig. S2B) . CpG stimulation also led to increased survival of both pDCs and cDCs in culture, and this increase was more prominent for pDCs (Fig. S2C) . Nevertheless, CpG-treated pDCs remained highly sensitive to ABT-199 and ABT-737, whereas cDC remained resistant (Fig. S2 D and E) . Resistance to ABT-199 or ABT-737 by cDCs is also reflected by the preservation of cDC function, based on cytokine production in response to CpG (Fig. S2H) .
cDCs Are Preferentially Depleted by Reduction of A1. Due to the overtly higher expression of A1 by cDCs compared with pDCs, we wanted to test the contribution of A1 to DC survival. To do this testing, we used a mouse model of RNA interference (RNAi), enabling stable knockdown of all functional A1 isoforms (A1-a, A1-b, and A1-d) (23) (Fig. 4) . Briefly, mice were generated containing a pan A1-targeted shRNA sequence embedded in the context of microRNA 30 (miR30), under control of the tetracycline responsive CMV min promoter (TRE), followed downstream by eGFP, driven from the human ubiquitin promoter (UbiP) (Fig. 4A ). These mice, referred to as TREA1 (TRE-miR30-A1), showed intermediate GFP expression in all hematopoietic cell subsets (as well as other cell types) in flow cytometric analysis (23) (Fig. 4B) . TREA1 mice were intercrossed to mice expressing the Tet transactivator (tTa) under control of the Vav2 promoter, selectively directing A1-specific small interfering RNAs (siRNAs) to hematopoietic cells in double transgenic mice (double Tg). We found these cells, marked by high GFP expression due to tTA binding to the upstream TRE promoter, to constitute ∼10-20% of cells in spleen and pooled subcutaneous lymph nodes of double Tg mice (Fig. 4B) . Notably, in addition to the GFP hi (A1 deficient) and GFP int (A1 sufficient) populations, double Tg mice also comprised a population of cells that no longer expressed GFP, indicative of transgene silencing, which was shown to be stable over time (23) .
Analysis of double Tg mice revealed that cDCs were profoundly underrepresented in the GFP hi A1-deficient population in both the spleen and LNs, with an approximate fourfold reduction compared with the A1-sufficient GFP int population within the same double Tg mouse, or compared with single transgenic TREA1 or tTA control animals (Fig. 4E) . As would be expected with the reduction of cDCs, pDCs were found to be proportionally overrepresented in these A1-deficient cell populations. In an attempt to exclude off-target effects, mice with similar microRNA-based shRNA targeting of an irrelevant gene, Renilla luciferase (TRELuc) were also assessed and found to contain comparable proportions of cDC and pDC to control animals (Fig. S3) . Taken together, these data argue for a critical role for A1 in cDC, but not pDC survival in vivo.
Both pDCs and cDCs Are Affected by Loss of MCL-1. As MCL-1 expression was substantial in both pDCs and cDCs (Fig. 1) , we examined its contribution to cell survival. Global deficiency in MCL-1 results in periimplantation lethality in mice but Mcl-1 +/− mice are reportedly largely normal (24) . Remarkably, even Mcl-1 haploinsufficiency led to a dramatic reduction (more than sevenfold) in the absolute numbers of both cDCs and pDCs in the spleen (Fig. 5A) and LNs (Fig. 5B ).
Next, we tested fl/+ mice human CD4 was detected on both pDCs and cDCs (Fig. S4A) , confirming that Mcl-1 could be deleted efficiently by CD11c-Cre in both cell types.
Conditional deletion of Mcl-1 dramatically reduced (by ∼10-fold) the numbers of pDCs and cDCs in spleens, compared with WT mice (Fig. 6A) . To demonstrate that loss of DC in this model is cell intrinsic, and not due to a drop in a peripheral cell population required for DC survival, lethally irradiated congenic mice (Ly5.1) reconstituted with 1:1 mixed Cre + Mcl-1 fl/fl BM (Ly5.2) and WT BM (Ly5.1/Ly5.2) were generated. Strikingly, Cre
fl/fl BM essentially did not contribute to the DC population, with the overwhelming majority of cDCs and pDCs present in spleen and LNs found to be of WT origin (Fig. 6 B and C) .
The functional consequence of DC reduction due to loss of MCL-1 was then investigated. First, cross-priming of CD8 + T cells was compared between WT and Cre (Fig. 6F) . Furthermore, in vivo IFN-α production following an acute LMCV infection was tested. Infection induced a significantly lower IFN-α production in Cre
fl/fl mice (Fig. S4B) . Thus, antigen presentation and cytokine production were impaired when DC survival and numbers were reduced due to loss of MCL-1.
To investigate whether loss of pDCs and cDCs was peculiar to the spleen, DC composition in the thymus, skin-draining LNs and gut-draining mesenteric LNs of intact Cre
fl/fl mice and WT mice were evaluated. Reduction of pDCs and cDCs occurred in all lymphoid tissues examined (Fig. S5) . LNs contain various types of migratory DCs (with higher expression of MHC class II and lower expression of CD11c, compared with lymphoid-resident cDCs). Conditional deletion of Mcl-1 also dramatically reduced the percentages and numbers of migratory DCs (Fig. S5B) . Of note, the reduction of migratory DC subsets was not uniform. In skin-draining LNs, three main migratory DC types can be identified: CD326
+

CD11b
int Langerhans cells, CD11b
+ dermal DCs, and CD103-equivalent DCs (CD24 + CD11b − ). As CD103 expression on "CD103 DCs" is subject to up-regulation by GM-CSF (and hence inflammation) (27, 28) , we have used CD24 as a surrogate marker that is not affected by GM-CSF (28) . In Cre Collectively, our results highlight an indispensable role of MCL-1 in the survival of both the cDC and pDC subsets in vivo.
Discussion
We found that pDCs and cDCs have a "cell survival identity" ascribable to the expression levels of the different antiapoptotic BCL-2 family members with high BCL-2 and low A1 in pDCs and the converse in cDCs. This pattern of differential expression is largely preserved after DC activation through TLRs. Importantly, this pattern of expression predicted the differential reliance by the DC subsets for their survival, namely, pDCs are (spleen) and n = 3 (LN) animals ± SEM and analyzed using a two-tailed Student's t test. *P < 0.05, **P < 0.01, ***P < 0.001. . Bar graphs show mean of n = 7 (spleen) and n = 3 (LN) animals ± SEM and were analyzed using a two-tailed Student's t test. *P < 0.05, **P < 0.01, ***P < 0.001. more reliant on BCL-2, whereas cDCs are more dependent on A1. Accordingly, and of therapeutic relevance, BCL-2 antagonist drugs (ABT-737 antagonizing BCL-2, BCL-XL, and BCL-W and ABT-199 antagonizing BCL-2 alone) preferentially killed pDCs, although sparing cDCs.
pDCs are thought to have longer lifespans than cDCs (12, 29) . Notably, BCL-2 has a 40-fold longer half-life than A1 (∼10 h compared to ∼15 min) (30) and pDCs rely more on BCL-2, whereas cDCs rely more on A1. Nevertheless, it remains speculative whether the protein turnover rate of the different antiapoptotic BCL-2 family member has a causal relationship with the lifespan of the DC subsets.
Several earlier studies examined the role of BCL-2 in the regulation of DC survival and lifespan (31, 32) . For example, CD11c-Bcl-2 transgenic mice had increased numbers of DCs. Unfortunately, these studies did not investigate any differential effects on DC subsets. Relatively high levels of BCL-2 in pDCs have also previously been reported (4). Of note, both pDCs and cDCs express BCL-XL at the mRNA and protein level. However, ABT-737 targeting BCL-2, BCL-XL, as well as BCL-W did not increase killing potency, compared with BCL-2 targeting alone with ABT-199 (Fig. S2G) . The BCL-XL-specific inhibitor WEHI-539 (33) also did not potently kill pDCs and cDCs (Fig.  S2G) . Thus, BCL-XL may only have a limited role in regulating DC survival. Similarly, although some BCL-W mRNA was seen in both cDCs and pDCs, no BCL-W protein could be detected. Comparison of DC killing by ABT-737 vs. ABT-199 suggests that BCL-W has only a limited role although the precise contribution of BCL-W to DC survival remains to be examined by conditional deletion of its gene in DCs.
The role of neither MCL-1 nor A1 in DC survival had been addressed previously. This in part may be due to the periimplantation embryonic lethality associated with global MCL-1 deficiency (24) and the quadruplication of A1 genes in mice. Our studies using conditional Mcl-1 gene deletion and Mcl-1 haploinsufficiency indicated that MCL-1 was critical for the maintenance of both pDCs and cDCs. Nevertheless, steady-state levels of MCL-1 were not sufficient at protecting pDCs from death induced by BCL-2 antagonist drugs. It remains moot whether in steady state, constitutive A1 expression, rather than MCL-1, may be more predictive of resistance to BCL-2 antagonist drugs.
Importantly, we also demonstrated that perturbation of DC survival has significant functional consequence. When DC numbers were reduced due to MCL-1 deficiency, T-cell priming and cytokine production were profoundly affected. Implications of these findings are twofold: first, it informs us that manipulation of DC survival may have potential to curtail an unwanted immune response and to provide an avenue for intervention in autoimmune diseases; second, it reveals that drugs targeting DC survival may impede certain immune function and this may constitute a significant "side effect" of such drugs. Our dissection of the survival requirements of DC subsets provides useful information regarding which immune responses are likely to be affected by these type of drugs. In this context, we found that ABT-199 or ABT-737 does not impede in vitro cDC function, based on production of several cytokines (Fig. S2H) . Conversely, ABT-199 significantly reduces IFN-α production by pDCs, including pDCs from lupus-prone (NZB/NZW F1) mice (34) .
Despite relatively high steady-state expression of endogenous BCL-2, enforced expression of additional BCL-2 further increased pDC numbers in transgenic mice, suggesting the level of BCL-2 protein was an important determinant of the survival and numbers of these cells. However, enforced expression of BCl-2 in cDCs only moderately enhance in vitro survival of cDC subsets (22) . Similarly, despite high steady-state levels of A1 and MCL-1 in cDCs, and similar specificity for the apoptosis initiating BH3-only proteins, these prosurvival proteins were not functionally redundant in cDCs, with loss of either substantially reducing peripheral cDC numbers.
Although mouse pDCs express very little A1, even after TLR stimulation, and although A1 inhibition impacts little on mouse pDCs, A1 has been identified as a direct transcriptional target of Spi-B in human pDCs, based on expression of its mRNA and a reporter (35) . Furthermore, inhibition of A1 impaired in vitro differentiation of human pDC but not non-pDCs from CD34 + hematopoietic progenitor cells (35) . It remains to be determined whether mouse pDCs and human pDCs differ in their cell survival requirements.
Two studies showed that perturbation of BH3 proteins variably affect DC homeostasis (36, 37) . Neither study enumerated pDCs and cDCs separately. We found that DC numbers were increased in Bim −/− mice; all DC subsets were increased proportionally in these animals (Fig. S6) . We also found that NOXA deficiency had only minimal impact on DC numbers (Fig. S6) . Thus, whereas it still remains unclear exactly how BCL-2 family members regulate DC subset-specific survival programs, we contend that differential expression and dependence on antiapoptotic BCL-2 proteins by DC subsets, rather than differences in proapoptotic BH3-only proteins, are the dominant determinants.
We reasoned that different dependencies of distinct DC subsets for cell survival may make it possible to use highly selective BH3 mimetics for the treatment of particular diseases. As pDCs have been linked to the pathogenesis of immunopathological diseases, such as systemic lupus erythematosus (9, 10, 38), our findings suggest that ABT-737 and ABT-199 may be useful in treating such pDC-associated diseases. Indeed, ABT-737 was shown to ameliorate morbidity in exogenous IFN-α accelerated lupus in NZB/W mice (39) . Moreover, pDCs are likely to exert critical roles in immunity to some infections (40) . As BCL-2 antagonists are currently undergoing clinical trials for the treatment of certain hematopoietic cancers (20) , our findings alert that monitoring reductions in pDCs and possible susceptibility to certain pathogens may be imperative. Although ABT-737 and ABT-199 can kill T cells and B cells (15) , we found that pDCs are more sensitive to BCL-2 antagonists than T cells and B cells both in vitro and in vivo. Furthermore, activated and memory B and T cells were shown to be resistant to these BH3 mimetics (15, 41, 42) . Thus, BCL-2 antagonism may have selectivity to treat pDC-involved diseases.
In conclusion, we show that pDC survival is regulated by expression of BCL-2 and MCL-1, whereas cDCs require A1 and MCL-1. This differential dependence on BCL-2 advocates the use of BCL-2 selective antagonist BH3 mimetic drugs for treating pDC-associated diseases (34) . Refined understanding of how the survival of the distinct DC subsets is regulated is therefore expected to provide valuable insight into the pathogenesis of inflammatory diseases and guide the development of effective therapeutic interventions for such diseases.
Materials and Methods
Mice. Mice were housed under specific pathogen-free conditions. For detailed descriptions of mouse strains used in this study, see SI Materials and Methods. For in vivo use ABT-199 (Abbott Laboratories) or vehicle control was prepared and administered at 100 mg/kg body weight as a daily i.p injection for 4-6 d as described (43) .
Cell Preparation, Antibodies, and Flow Cytometry. Cell samples were analyzed as described in SI Materials and Methods.
Detection of Antiapoptotic Molecules. Protein was detected by Western blot analysis and mRNA was detected by RT-PCR analysis. For detailed descriptions of mouse strains used in this study, see SI Materials and Methods.
Evaluation of DC Survival and DC Functions. For detailed descriptions of mouse strains used in this study, see SI Materials and Methods.
Statistical Analysis. Statistical comparisons were made using a two-tailed Student's t test with Prism v.5.0 software (GraphPad). Data are shown as means ± SE with P values of <0.05 considered statistically significant.
